Abstract. The contour of cam is created by X-C linkage motions. It is important that the X axis with grinding wheel frame accurately tracks the motion of the C axis. The coordination motion of the two axes is of great importance to the accuracy of the cam profile. The sliding mode variable structure (SMVS) control method can be applied to the servo axis position tracking control in the cam contour grinding. The SMVS control method has better performance than the PID control method both in control precision and disturbance resistance. But the chattering under SMVS control has a bad influence on the servo tracking performance. To solve this problem, the SMVS control based on neural network is applied to the motion of each servo axis in cam grinding. The displacement tracking of each servo axis is simulated and analyzed with Matlab/Simulink software. The error curve under neural network SMVS control is compared with the curve of the SMVC control. The simulation results show that the neural network SMVS control can inhibit the chattering effectively, and provide a new idea for improving the precision in cam grinding.
Introduction
The SMVS control is applied to the servo axis of the cam grinding machine that produce chattering, which has a bad effect on the movement of each axis in cam grinding. Scholars at home and abroad aim at the advantages of the SMVS, and apply it to all aspects of theoretical research. At the same time, the theory of chattering reduction of SMVS is also studied deeply. The sliding mode disturbance observer aiming at the influence of nonlinear factors was designed to improve the adaptive ability of the control system and dynamic tracking accuracy and robustness in the bibliography [1] . The sliding mode controller of real-time genetic algorithm was designed in the bibliography [2] . The switching gain could be changed on-line, which inhibit the chattering. The switching function was optimized using genetic algorithm in the bibliography [3] . The output of controller was the as the important index for optimizing the adaptive function. The switching function of minimum chattering was designed according to the system state, which effectively suppresses chattering. The target control law of SMVS control system was realized using feedforward neural network output in the discrete time system. The performance index was taken as a function of the difference between the network output and the ideal control law and this method could be applied to the higher order systems [4] . A sliding mode controller based on interpolation smoothing algorithm was designed, the continuity of discontinuous switching control was realized and the chattering caused by the DC motor servo system was effectively eliminated [5] . A new adaptive law was proposed to adjust the structural deviation of neural networks and a three layer feedforward neural network was used as a function estimator for unknown dynamic characteristics in nonlinear discrete system [6] . A recursive fuzzy neural network bounded observer in which the derivative of switching function and switching function were input. The time varying sliding surface was designed to control the whole process and the control law used sliding mode equivalent control to guarantee the tracking performance of the system [7] . The neural network has the ability of adaptive adjusting, fast learning and parallel processing. It can be adjust the switching gain on-line effectively to inhibit the chattering under the sliding mode controller so that the error of the trajectory error and the cam profile are reduced, which can improve the cam profile precision in cam grinding.
The Control Model
The neural network SMVS control is shown in Fig. 1, Fig. 2 Shows the neural network sliding mode controller. 
The Simulation of the Neural Network SMVS Control Methods
For comparison, three different sliding mode control methods are adopted, which are combined with neural network control respectively in this paper. The three sliding mode control methods are the SMVS control based on proportional switching, the SMVS of quasi-sliding mode control and the SMVS control of dynamic switching function. Fig. 3 show the tracking position error curves of X axis with different control methods. Fig. 4 show the tracking position error curves of C axis with different control methods. Fig. 5 show the cam profile error curves of X axis with different control methods.
The conclusions can be drawn by comparing the error among the different controller.
(1) The chattering curves of X axis are obviously suppressed under the neural network SMVS control. The combination of neural network and dynamic switching function minimizes the error fluctuation and improves the control precision of the X axis. (2) The chattering curves of C axis are obviously worse under the neural network SMVS control. (3) The contour error curve is relatively smooth under the neural network SMVS control in X-C linkage motion. The combination of neural network and dynamic switching function minimizes the fluctuation of error and improves the control precision of the X axis in the three control methods.
The Comparison and Analysis of Simulation Data
In order to verify the advantages of neural network SMVS control in cam grinding, the SMVS method and neural network SMVS method are adopted to simulate and analyze the motion of each servo axis. Fig. 6 show the tracking position error curves of X axis under the SMVS control and neural network SMVS control methods above mentioned. Fig. 7 show the tracking position error curves of C axis under the SMVS control and neural network SMVS control methods above mentioned. Fig. 8 show the cam profile error curves of X axis under the SMVS control and neural network SMVS control methods above mentioned. The conclusions can be drawn by comparing the error curves from the Fig. 6, Fig. 7, Fig. 8.  (1) Fig.6 show that the chattering of the X axis are obviously reduced and the accuracy are improved in the non-circular contour curve stage under the neural network SMVS control and SMVS control.
(2) Fig.7 show that the tracking accuracy are improved under the neural network SMVS control and the SMVS control. The chattering suppression of C axis is weaker than that of the X axis.
(3) The profile error curve is relatively smoother under the neural network SMVS control than the SMVS control in X-C linkage motion. The cam profile error has no significant change under the neural network SMVS control.
(4) The simulation results show that the neural network SMVS controller can effectively suppress the chattering of X axis, C axis in cam grinding. The tracking performance of each axis can be improved in cam grinding. 
Conclusion
The neural network has the best approximation and the global optimum performance. Meanwhile, the training method is fast and easy, and there is no local optimum problem. The neural network and the sliding mode variable structure control are combined and applied to the each axis motion control in the cam grinding, the error curves are simulated and compared under neural network SMVS control and SMVS control method, the neural network SMVS control method can effectively suppress the chattering of each axis movement, and can further improve the tracking accuracy of each axis in the cam grinding.
